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Editor’s Note: The firs t part o f  this two-part series 
covered drugs usefulfor gastrointestinal, respiratory, 
circulatory, and multisystem problems. The drugs 
described in this article include some commonly used 
and some that are recently introduced that may be 
useful to the feline practitioner. Many o f these drugs 
have not been approved fo r  use in cats, and therefore 
must be used as an extra-label or experimental drug. 
Very few  have been evaluated with pharmacokinetic 
or efficacy studies, and therefore many doses are 
empirical.

Diabetes
Ultralente insulin

This is a zinc-containing, long-acting insulin. A 
single daily dose can provide maintenance insulin
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therapy in most diabetic cats. However, it is not 
potent enough to resolve ketoacidosis efficiently; in 
ketotic patients, regular insulin should be used 
initially. Side effects include hypoglycemia and 
inadequate control of hyperglycemia.

Drug formulation: U 100 (100 U/m l)

D osage: 1 to 3 units SQ once daily to start; adjust
dose and frequency based on glucose profiles

Glipizide (Glucotrol)

As a sulfonylurea oral hypoglycemic agent, 
glipizide increases insulin release from pancreatic 
beta cells, increases the number and sensitivity of 
insulin receptors, and decreases hepatic gluconeo- 
genesis. It is useful in treating mild-to-moderate 
persistent hyperglycemia in diabetic cats without 
ketosis. It may also be useful in cats that are insulin 
resistant due to obesity or whose owners cannot give 
injections but can carefully monitor their cats.

Other drugs (eg. other sulfas, salicylates) that 
can displace glipizide from protein binding sites 
may increase the hypoglycemic effects. Glipizide is 
contraindicated for ketotic patients or those with 
complete pancreatic beta-cell failure (i.e. un
detectable insulin levels). Reported side effects are 
hypoglycemia (usually one to two months into 
therapy), vomiting, and reversible increases in ALT.

Drug formulation: 5 and 10 mg. tablets

Dosage: 5 mg. PO B ID
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Antibacterial/Antiprotozoal/Antifungal
Metronidazole (Flagyl)

Metronidazole is an antiprotozoal drug with an 
excellent spectrum against anaerobic bacteria. 
Metronidazole and related compounds may also be 
used to sensitize cancer cells to radiation. Its 
immunosuppressive effects may reduce inflammation 
in some types of inflammatory bowel disease.

Metronidazole is an effective drug in treating 
giardiasis, anaerobic infections such as pyothorax, 
cholangiohepatitis, and clostridial enterocolitis; 
inflammatory bowel disease refractory to prednisone; 
CNS abscesses; and for anaerobic sterilization of the 
gut in hepatic encephalopathy.

E lix irs with alcohol should not be administered 
concurrently with metronidazole since the com
bination can lead to vom iting and weakness. 
Metronidazole is teratogenic in rodents. Side effects 
include anorexia and vom iting. N eurotoxicity 
(cerebellar ataxia, vestibular signs, seizures, tremors, 
proprioceptive deficits) have been reported in dogs 
with doses as low as 70 mg/kg/day.

Drug formulation: 250 mg. tablets

Dosage: 15 to 30 mg/kg/day 

Clindamycin (AntirobeJ

T his drug acts on bacteria by suppressing 
rib oso m al protein syn th esis in  susceptible 
anaerobes and gram -positive cocci. It has good 
tissue penetration into macrophages, leukocytes, 
abscesses and bone. It also has antiprotozoal 
activity against Toxoplasm a gon dii. Therefore, 
it can be used to treat system ic toxoplasm osis 
and aerobic and anaerobic infections (i.e. lung 
abscesses, osteom yelitis, bite wound abscesses). 
Side effects include anorexia, vom iting, and 
diarrhea. A vo id  concurrent usage with ch lo r
am phenicol or eryth ro m ycin  as they may 
interfere with the efficacy o f clindam ycin or 
show cross-resistance.

Drug formulation: 25, 75, 150 mg. tablets

Dosage: for toxoplasmosis— 12.5 mg/kg B ID  2 
to 6 weeks; other infections— 5 to 10 mg/kg BID

Ticarcillin plus clavulanate potassium (Timentin)

This drug is a semisynthetic, antipseudomonal 
penicillin with B-lactamase inhibition. It is two to 
four times more active against Pseudomonas sp. than 
carbenicillin. It achieves good tissue levels in bile, 
pleural fluid, joints, and the pericardial sac; but poor 
levels in the CNS, eye and leukocytes. Because it has 
an excellent gram-negative spectrum, it is very useful 
for treating serious gram-negative infections (i.e. 
pyelonephritis causing renal failure, bacterial 
endocarditis, pneumonia, peritonitis, sepsis in 
neutropenic chemotherapy patients). Doses should 
be decreased in renal failure. It is contraindicated in 
patients with a history of allergic reactions to 
penicillins or cephalosporins of any kind.
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The drug has been known to cause allergic 
reactions, and may exacerbate coagulopathies, 
although this is rarely of clinical significance.

Drug formulation: 3.1 gram vials

D osage: 50 mg/kg T ID -Q ID  IV  or IM  

Trimethoprim-sulfa (Tribrissen)

Sulfa drugs inhibit folate synthesis, which in turn 
prevents bacterial DNA and RNA synthesis. The 
combination of trimethoprim and a sulfonamide is 
b a cte ricid a l, but the optim al ratio  is 20:1 
(sulfa:trimethoprim), not 5:1 as the drug is formulated. 
Trimethoprim-sulfa is useful for treating bacterial 
meningitis, resistant urinary tract infections, otitis 
interna, pneumonia, neutropenia in cancer patients, 
no card io sis (often causing pyothorax), and 
salm onellosis associated with enterocolitis and 
systemic illness. It has limited efficacy against 
toxoplasmosis.

This drug is contraindicated in animals with 
prior history of sulfa allergy. In  cases of renal failure, 
decrease the dosage or dose frequency.

Side effects include salivation, occasional 
vomiting in cats, immune-mediated blood dyscrasias, 
allergic reactions, andrarely folate deficiency causing 
nonregenerative anemia (only with high doses for 
extended periods, e.g. when used for Nocardia  
infections).

Drug formulations: 60,120,240,480 & 960 mg.
tablets; 24% injectable SQ; 96 mg/ml IV

Dosage: for infections— 15 mg/kg B ID  or 30
mg/ kg once daily; for nocardiosis— 45-60 mg/
kg B ID  for 3 to 6 months

Ketoconazole (Nizoral)

This drug is fungistatic, not fungicidal. It inhibits 
various P450 enzymes, thus impairing fungal cell 
wall synthesis. Ketoconazole also impairs cortisol 
and androgen synthesis. It is useful for treating

cryptococcosis, systemic mycoses, and ringworm 
(especially cases that are refractory to griseofulvin). 
Although it can be used for canine Cushing’s disease, 
there is no reported efficacy in feline hyperadren- 
ocorticism.

Absorption of ketoconazole is decreased by 
antacids (cimetidine, aluminum hydroxide) since 
ketoconazole requires acid for dissolution and 
absorption. Avoid high doses prior to surgery as this 
drug decreases the ability to release cortisol in 
response to stress. Side effects include a transient 
increase in AST activity, anorexia, vomiting, diarrhea, 
and idiosyncratic hepatotoxicity.

Drug formulation: 200 mg. tablets

Dosage: for cryptococcosis— 10 to 20 mg/kg 
daily or divided B ID  for 5 to 6 months; for 
ringworm— 4 to 8 mg/kg/day for 4 to 8 weeks

Anticonvulsants
Diazepam (Valium)

A s a benzodiazepine drug, diazepam causes 
sedation, hypnosis, muscle relaxation, decreased 
anxiety, and decreased seizure activity. Diazepam 
w orks by enhancing the action o f gamma- 
aminobutyric acid (G A B A ), an inhibitory neuro
transmitter in CNS. Because diazepam works only 
via endogenous G A BA  levels, it has fewer sedative 
effects than barbiturates.

Intravenous diazepam is the drug of choice for 
status epilepticus. In cats, but not dogs, it is also 
effective as an oral anticonvulsant. Diazepam is also 
effective for behavioral problems, such as spraying 
or psychogenic alopecia. It should not be used for 
seizures caused by hepatic encephalopathy or 
iverm ectin  overdose. Side effects include 
oversedation, ataxia, bradycardia, and respiratory 
depression.

Drug formulations: 2, 5, and 10 mg. tablets; 5 
mg/ml injectable
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D osage: for status epilepticus— 0.2-0.5 mg/kg
IV , up to three doses; for seizure maintenance
therapy— 0.5-2.0 mg/kg PO divided T ID ; for
psychogenic alopecia— 0.25-0.5 mg/kg PO B ID

Dietary Supplements/Appetite Stimulants

CsM mm.gluconate.CL m il:Kl

As a potassium supplement, potassium gluconate 
helps correct total body potassium deficits due to 
increased loss or decreased intake of potassium. 
Supplementation is indicated to treat hypokalemia 
secondary to anorexia, vomiting, diarrhea, polyuria, 
or drugs (eg. furosemide); hypokalemia associated 
with myopathy or renal failure; and as a nutritional 
supplement in cats being given enteral or parenteral 
nutritional support.

H yperkalem ia can o ccur w ith potassium  
supplementation used concurrently with A C E  
inhibitors or potassium sparing diuretics. Avoid using 
in cases of renal failure with decreased urine output. 
Do not administer for m ild hypokalemia associated 
with alkalosis. Possible side effects are food refusal 
and hyperkalemia.

Drug formulation: powder— 9 mEq per tsp.

Dosage: 4 to 8 mEq per cat per day 

Carnitine

Carnitine is synthesized in the liver from the 
amino acids lysine and methionine. It transports 
fatty acids into mitochondria where they can be 
oxidized for energy. Carnitine is essential for normal 
energy utilization by the myocardium and for normal 
fat oxidation by the liver. Natural sources of carnitine 
include meat and dairy products.

Carnitine is used by some clinicians for hepatic 
lipidosis, although its role is controversial. Lipidotic 
cats studied at the University of California at Davis, 
University of Georgia and Cornell University have 
not had low plasma carnitine levels. However, 
lipidotic cats do excrete higher levels of carnitine-

containing compounds in the urine and may be prone 
to a relative carnitine deficiency.

Drug formulation: 250 mg. capsules

Dosage: for hepatic lipidosis— 250 to 500 mg.
per day

Arginin?

Arginine is an essential amino acid in cats and 
helps to detoxify ammonia into urea in the liver. 
Arginine deficiency has been shown to precipitate 
hepatic encephalopathy in normal fasting cats. 
Arginine is indicated as a dietary supplement in cats 
with hepatic lipidosis or prolonged anorexia, since 
cats with hepatic lipidosis have been shown to be 
arginine deficient. Arginine is found naturally in 
eggs, but is best given as a commercial supplement 
to cats with liver disease since the methionine content 
in eggs is undesirable in these patients.

Drug formulation: 500 mg. capsules

Dosage: 500 mg. PO B ID , or 1 gram per day
added to enteral formulas

Cyproheptadine (Periactin)

Cyproheptadine is an antihistamine and serotonin 
antagonist. It is useful as an appetite stimulant in 
anorexic cats. However, this drug should not be used 
as a substitute for a diagnostic workup of the anorexic 
cat. A lso avoid using in depressed or dehydrated 
cats. Side effects include hyperactivity and 
tachycardia, or drowsiness.

Drug form ulations: 4 mg. tablets; 2 mg/ml syrup

D osage: 1-2 mg. per cat once to twice daily

Analgesics
Butorphanol (Torhugesic)

Butorphanol is a synthetic narcotic agonist/ 
antagonist that is four times more potent than 
morphine. It provides analgesia with minimal 
cardiovascular and respiratory depression, it
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m inim ally sedates when given alone, and has a 
central antitussive action.

Butorphanol can be used subcutaneously for 
postoperative pain after a thoracotomy, lim b 
amputation, or fracture repair. It can also be used for 
the acute pain of aortic thromboembolism. Pre
existing hypotension, bradycardia, and depression 
are contraindications. Side effects include ataxia or 
sedation at high doses. Butorphanol may cause 
excitement in some cats.

Drug formulation: 10 mg/ml injectable 

D osage: 0.10 mg/kg SQ or IM  QID 

Aspirin.

Aspirin is a nonsteroidal anti-inflammatory drug 
that inhibits cyclooxygenase with subsequent 
blockade of prostaglandin form ation. A spirin 
irreversibly inhibits platelet aggregation for the 
lifespan of the platelets (i.e. about 7 days).

According to anecdotal evidence, aspirin may 
help prevent aortic thromboembolism in cats with 
cardiomyopathy. Aspirin, at low doses, is useful in 
feline orthopedic disease, but rest alone may be safer 
and just as effective in many cases.

Aspirin is contraindicated in cases of hepatic 
in su ffic ie n c y  and gastric u lceration. A vo id  
administering aspirin during the week before elective 
surgery since there may be an increased risk of 
bleeding. Reduce the dose in hypoalbuminemia as 
increased unbound aspirin can increase the risk of 
aspirin toxicity. Caution should be used in cases of 
renal failure since aspirin blocks vasodilatory 
prostaglandins that are important in maintaining 
adequate renal blood flow.

Side effects include decreased gastric blood flow, 
decreased mucosal cell turnover in the stomach, and 
signs of salicylate toxicity (i.e. hyperventilation, 
fever, vomiting, melena, and uremia).

Drug formulation: 325 mg. adult tablets; 60 mg. 
or 81 mg. baby tablets

Dosage: 10 mg/kg every 48 hours ■

Dr. Lauren Trepanier received her D.V.M. degree 
from  Cornell University. She is a research associate 
in the department o f  pharm acology a t the College o f  
Veterinary Medicine at Cornell University.
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The Catfs Meow
Many veterinary practitioners use strips of news
paper in litter boxes for a few days after cats have 
been declawed. Many practices are now comput
erized and use tractor-feed paper in their printers.

In keeping with current attempts at recycling 
and reuse, consider having your front office per
sonnel save the perforated edge strips from the 
tractor-feed paper for use in litter boxes. 
Hospital staff with home computers could also 
save these strips. Placing a cardboard box beside 
the garbage w ill help in the recycling efforts.

This is easier than tearing up newspapers and 
gives a more uniform strip of paper. As an added 
bonus, there is no newsprint to turn white cats and 
white paws gray. There is one precaution— make 
sure there are no chemicals in the paper that could 
harm a cat.— Dr. Dan Loncke, Windsor (Ontario), 
Canada

Send your practical tips and ideas on feline health 
management for the next issue to:

Cornell Feline Health Center 
The Cat's Meow 
College o f  Veterinary Medicine 
Ithaca, NY 14853-6401
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Evaluation of the Safety and Efficacy 
of Primucell-FIP® Vaccine

F. W. Scott, D.V.M., Ph.D., W. V. Corapi, D.V.M., Ph.D., and C. W. Olsen, D.V.M., Ph.D.

An intranasal FIP vaccine, Primucell-FIP®, was li
censed and marketed within the United States in 
early 1991 by SmithKline Beecham Anim al Health 
(SB AH , formerly Norden Laboratories). This vaccine 
is an attenuated temperature-sensitive (TS) mutant 
—  that is, the virus has been altered such that its 
replication is partially restricted at 39°C but not re
stricted at 31°C.

Three experiments were conducted in specific- 
pathogen-free (SPF) kittens to evaluate the safety 
and efficacy of this vaccine in a controlled laboratory 
setting. The results of these three studies were 
presented at the Fourth Annual Feline Practitioners 
Seminar at Cornell University on August 7-10,1992. 
The following is a summary of the results as presented 
by the senior author. A  fu ll report of these studies 
w ill be published shortly.

In the first experiment, the vaccine used was the 
modified live-virus FIP vaccine that was being field 
tested by SBAH prior to licensure. A  single dose of 
vaccine (0.5 ml) was administered intranasally to 
each of 8 SPF kittens in the vaccine group (Group 
1 A ) on day 0. No adverse effects were noted following 
vaccination. On day 28, the im m unity of the 
vaccinates and 4 unvaccinated controls (Group IB ) 
was challenged via aerosol exposure to 1030 tissue 
culture infectious doses— 50% (TCID50) of virulent 
FIP  virus strain 1146 (FIPV-1146). Four of the 8 
vaccinates (50% ) and 3 of 4 unvaccinated controls 
(75% ) developed FIP within two months after 
challenge (Table 1). The remaining unvaccinated 
control cat had a febrile response after challenge 
followed by a long asymptomatic period. It eventually 
developed clinical F IP  seven months after challenge.

In the second experiment, eleven 16-week-old 
SPF kittens were vaccinated intranasally on days 0 
and 28 with Primucell-FIP® (Group 2A). Four kit
tens were kept as unvaccinated contact controls 
(Group 2B) and 4 kittens were kept as unvaccinated, 
noncontact controls (Group 2C). Twenty-eight days 
after the second vaccination, the immunity of all cats 
was challenged by aerosol exposure with 105 0 TCID50 
of virulent FIPV-1146. Ten of 11 vaccinates (91%) 
and 8 of 8 control cats (100%) developed FIP (Table 
1).

The third experiment was conducted jointly with 
scientists from SBAH. Thirty 16-week-old SPF kittens 
(Groups 3A, 3B, and 3E) were vaccinated at Cornell 
University with two doses of intranasal vaccine on 
days 0 and 28. An additional 9 kittens (Group 3G) 
were vaccinated at SBAH facilities in Lincoln, 
Nebraska with two doses of vaccine on days 0 and 
28, using the same vaccine lot used at Cornell. Four 
additional groups of kittens (Groups 3C, 3D, 3F, and 
3H ) served as unvaccinated controls. On day 55 or 
56, the immunity of all kittens was challenged by 
exposure to various doses of virulent virus (either 
FIPV-1146 of FIPV-DF2) given by various routes as 
listed in Table 1. Groups 3A, 3B, 3C, and 3D were 
challenged at Cornell University with 105-5 TCID50of 
FIPV-1146 either by aerosol or by intranasal drops. 
Cats in Groups 3E and 3F, which were shipped to 
SBAH at Lincoln following vaccination at Cornell 
University, as well as the cats vaccinated at SBAH 
(Group 3G ) and their controls (Group 3H), were 
challenged at the Lincoln facility with 1031 TCID50of 
FIPV-DF2 by the oral route.

A ll 21 vaccinates challenged with FIPV-1146 at 
Cornell University (Groups 3A, 3B) developed FIP
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during the 35 day observation period after challenge, 
while 6 of 9 unvaccinated controls (Groups 3C, 3D) 
developed FIP during this same period. With the 
FIPV-DF2 challenge given at SBAH, 2 of 8 Cornell- 
vaccinated cats (25%) in Group 3E and 3 of 6 
unvaccinated controls (50% ) in Group 3F developed 
FIP. For the SBAH vaccinates (Group 3G), 1 of 9 
(11% ) developed FIP compared to 3 of 4 un
vaccinated controls (75% ) in Group 3H following 
the low-dose FIPV-DF2 challenge.

A ll vaccinated cats in the three studies developed 
positive-virus neutralizing antibody titers following 
vaccination. A ll but one of these vaccinated cats also 
had enhancing antibodies present in their sera fol
lowing vaccination, as measured by in vitro assays 
for antibody-dependent enhancement (ADE) of FIPV 
infectivity of macrophages. Enhanced clin ica l 
disease, as evidenced by a fulminant and severe 
clin ical disease pattern with a shorter time to 
euthanasia, was observed in 2 of 10 kittens (20%) in

TABLE 1: Experimental design and summary results of three experiments to evaluate safety and

G ro up N u m b e r 
of Cats

V a ccin e
( D a y )

Chal l
( D a y )

Chal l
Vi rus

Chal l
D o s e

Route of 
C hal l

# Surv 
C hal l

# Euth 
FIP

# A D E 
FIP

E x p . 1:
1A 8 0 28 1146 103 Aero 4 4 4
1 B 4 none 28 1146 103 Aero 1* 3 0

E x p . 2:
2A 11 0, 28 56 1146 105 Aero 1 10 7
2B 4 contact 56 1146 10s Aero 0 4 1
2C 4 none 56 1146 105 Aero 0 4 0

E x p . 3:
3A 10 0, 28 56 1146 105.5 Aero 0 10 2
3C 4 none 56 1146 105-5 Aero 2 2 & 0
3B 11 0, 28 56 1146 10s-5 IN 0 11 9 * 1
3D 5 none 56 1146 1055 IN 1 4 0
3E 9 *. 0, 28 55 DF2 103-1 Oral 6 2 1
3F 6 none 55 DF2 103.1 Oral 3 3 0
3G 9 0, 28 55 DF2 Oral 8 1 0
3H 4 none 55 DF2 103.1 Oral 1 3 0

Chall -  Virulent FIPV challenge 
Aero -  Aerosol challenge 
IN -  Intranasal challenge
ADE -  Antibody-dependent enhancement of infec

tion resulting in a more acute & severe disease 
with a shorter time to euthanasia (<13 days) 

1146 -  FIPV-1146, cell cultrure passage 9

DF2 -  FIPV-DF2
Euth -  Number of cats euthanatized with clinical FIP 
Surv -  Number of cats that survived FIPV challenge 
** -  One kitten lost to an anesthetic accident on day 

of challenge
* -  Developed fatal FIP 7 months after challenge
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Group 3A  challenged by aerosol exposure, and in 8 
of 11 kittens (73% ) in Group 3B challenged 
intranasally. None of the control cats in Groups 3C 
and 3D had enhanced disease.

The safety of Primucell-FIP® has been monitored 
by SBAH through a fie ld  safety trial and by 
practitioner complaints. Post-vaccination complaints 
to SBAH and to the Cornell Feline Health Center 
have been minimal to date. Serious post-vaccination 
clinical signs of illness were not observed in the 
kittens com prising the three studies at Cornell 
University.

In summary, with the challenge systems used in 
these studies, protection was only observed in a 
portion of the vaccinated cats challenged with the 
lower dose of virus (either FIPV-1146 or FIPV-DF2). 
With the higher dose FIPV-1146 challenge method 
using either aerosol or intranasal exposure, protection 
was not observed. Enhancement of infection occurred 
in several cases, especially with intranasal exposure. 
This was presumably due to a greater degree of 
exposure to virus via the intranasal route. The amount 
of FIP virus to which cats are exposed during natural 
infection in the Field is unknown at this time. Studies

in our laboratory have shown that ADE of infectivity 
of macrophages in vitro is a dose-related phenomenon 
between virus and enhancing antibodies. It appears 
that this same dose-related phenomenon exists with 
FIPV infection in vivo.

Based on the limited efficacy and the potential to 
stim ulate immune enhancement under certain 
conditions, the routine use of Primucell-FIP® in low- 
risk populations of cats cannot be recommended. In 
high-risk populations such as breeding catteries and 
open multicat facilities, the veterinarian must assess 
the risk of FIP without vaccination compared to the 
risk and benefits with vaccination. The veterinarian 
then should decide whether or not to establish a 
vaccination program in this population. ■

D r. F red  W. S co tt is  p ro fe sso r  o f  v iro lo g y  a t the 
C o lleg e  o f  V e terin a ry  M ed ic in e  and is  the 
d irec to r  o f  the C orn ell F eline H ealth  C enter. 
D r. W ayne C orap i, fo rm e r  research  a ssoc ia te  
o f  the C orn ell F eline H ealth  C en ter, w orked  on 
FIP vaccine developm ent. D r. C hristopher Olsen  
rece ived  his Ph .D . d eg ree  in June 1992 fo r  his 
w ork on fe lin e  in fectious p er ito n itis .

C ornell Feline H ealth  C en te r 
C ornell U niversity  
College of V eterinary  M edicine 
Ithaca, N ew  York 14853


